A computer program, called ErgoNBC, is developed to recommend the adjustment settings of notebook computer (NBC), workstation components, and selected accessories in order to help computer users assume an appropriate work posture during NBC work. The program requires a user's body height and relevant dimensions of NBC and workstation components as its input data. For the results, ErgoNBC recommends the tilt angle of NBC base unit, NBC screen angle, distance between the user and NBC, chair seat height, and work surface height. If necessary, the NBC base support, seat cushion, and footrest, including their adjustment settings, are recommended.
INTRODUCTION
It is known that the visual display terminal (VDT) workstation and its proper adjustment are essential for helping computer users to an appropriate correct work posture. Extensive research on these issues has been conducted especially for the desktop computer operation. Shikdar and Al-Kindi (2007) identified ergonomic deficiencies in VDT workstation design in typical offices by using questionnaires. They concluded that ergonomic deficiencies were significant in the physical design, component layout, and others, particularly of the computer workstation facilities and furniture, which may have contributed to ergonomic deficiencies in terms of layout and workstation adjustment. Design specifications for an ergonomic VDT workstation were discussed in detail in the ANSI/HFES 100-2007 100- Standard (2007 . Hsiao and Cho (2012) reported that even the standard desks and chairs that are designed for workplace can cause constrains to computer users.
Regarding the NBC work, very few research results were reported when compared to those of desktop computer operation. Moreover, the use of workstation accessories such as footrest, seat cushion, and NBC base support (or platform) was rarely discussed. These accessories are generally required for NBC users when working at the workstation with limited adjustability. proposed analytical procedures for computing necessary NBC and workstation adjustments. However, they only considered one Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) type of workstation, namely, non-adjustable (fixed) workstation. later developed a Java-based computer program called PostureAdjuster that recommends adjustment settings for NBC and workstation based on their procedures. Nanthavanij et al. (2010) proposed manual worksheets for estimating NBC and workstation adjustment settings for NBC users. The worksheets also suggest, if necessary, the NBC base support, seat cushion, and footrest, including their settings, for needy NBC users. They also showed that the implementation of recommended adjustments was effective in helping to adjust work postures of NBC users. However, some quantitative analysis background and training are required to be able to use the manual worksheets correctly.
The development of a spreadsheet-based program, called ErgoNBC, for recommending necessary NBC and workstation adjustments is presented. The paper is organized as follows. Firstly, the recommended work posture during NBC work is presented. Next, the design of ErgoNBC, computation algorithm, and adjustment procedures are described. Finally, an illustration that demonstrates how ErgoNBC can be operated is given.
RECOMMENDED WORK POSTURE DURING NBC WORK
A quantitative evaluation of work posture can be performed using an analysis technique called Rapid Upper Limb Assessment (RULA) which was developed by McAtamney and Corlett (1993) . A modified version of RULA was later proposed to specifically evaluate the work posture for computer work (1996) . The recommended work posture during NBC work can be based on the postures of body parts which result in the lowest RULA score of 1 (i.e., the most appropriate posture). The following recommendations are proposed by .
• The upper arms should extend forward (or shoulder flexion) between 0-20°.
• The lower arms should flex between 80-120° at the elbow joint.
• The wrists should not bend vertically either upward or downward.
• The wrists should not bend horizontally either inward or outward.
• The neck should be upright or slightly bent downward (between 0-10°).
• The trunk should be upright or lean on the backrest that is slightly reclined (between 0-10°).
• The feet should rest comfortably on the floor. Figure 1 shows the photos of two NBC users, a tall male and a short female, whose work postures conform to the recommended work posture. The figure shows that both NBC users need an NBC base support to adjust the tilt angle of NBC base so that both wrists are straight, not bent either upward or downward. The vertical height of NBC has to be properly set to avoid excessive neck flexion (forward bending), which is common especially when the NBC is simply placed on the work surface. The seat height has to be set according to the popliteal height of the NBC user. For the male user, the seat height is adjusted so that the upper and Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) lower legs form a right angle at the knee joint while still allowing him to rest both feet on the floor. For the female user, the chair seat has to be adjusted to its minimum height due to her short body height. Nevertheless, a footrest is required to provide support for both feet.
DESIGN OF ErgoNBC
ErgoNBC is a computer program which is intended to provide quantitative recommendations on the adjustment settings of NBC, workstation components (i.e., chair and table), and required accessories (e.g., NBC base support, seat cushion, and footrest). The program is designed to be easy to use, and to generate the results that are valid. That is, its recommended adjustment settings should help NBC users to sit with correct work posture.
Required Input Data
ErgoNBC requires three sets of input data for its computation algorithm to generate adjustment recommendations. They are:
User's gender and body height
The user's body height is used to estimate the following anthropometric data of an NBC user: eye height (sitting), shoulder height (sitting), upper arm length, lower arm length, hand length, popliteal height, and lower leg length. From the anthropometric data of Thai population (2001), a regression analysis is applied to determine the relations between body height and the anthropometric data listed above for each gender.
Notebook computer size
The size of NBC is usually indicated by the diagonal width (in inch) of its screen.
ErgoNBC considers five common sizes of the NBCs used in Thailand: 11", 12", 13", 14", and 15". Three dimensions of NBC parts are required by the computation algorithm: distance from the front to rear edges of NBC base unit, distance from the front edge of NBC base to the keyboard's home row, and distance from the top to bottom edges of NBC screen unit.
Workstation type and dimensions
The workstation is categorized according to the adjustability of the seat and work surface Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) heights. ErgoNBC considers four types of workstation: (1) fixed seat height -fixed work surface height, (2) adjustable seat height -fixed work surface height, (3) fixed seat heightadjustable work surface height, and (4) adjustable seat height -adjustable work surface height.
Computation Algorithm and Adjustment Procedures
ErgoNBC utilizes the computation algorithm originally developed by and later improved by Nanthavanij et al. (2013) to compute the recommended adjustment settings of NBC and workstation components by neglecting the workstation adjustability limits. That is, the algorithm places individual body parts to form a work posture according to the recommendations described earlier. Initially, the NBC user is assumed to be in a seated posture recommended by the ANSI/HFES 100-2007 Standard (2007). Next, relevant body joints and parts are sequentially adjusted so that the recommended posture during NBC work can be obtained. Then, the NBC settings (i.e., tilt angle of NBC base, screen angle, and distance between the user's body and NBC) and workstation settings (i.e., seat height and work surface height) are determined from the co-ordinates and angles of corresponding body joints and parts, respectively.
The results obtained from the computation algorithm need to be evaluated by one of the four adjustment procedures according to the corresponding workstation type. They are:
1. Procedure for the workstation with fixed seat height and fixed work surface height 2. Procedure for the workstation with adjustable seat height and fixed work surface height 3. Procedure for the workstation with fixed seat height and adjustable work surface height 4. Procedure for the workstation with adjustable seat height and adjustable work surface height Since the recommended seat and work surface heights are computed without considering the adjustment constraints of the workstation, they need to be compared to the fixed levels (in a case of fixed workstation components) or the minimum and maximum levels (in a case of adjustable workstation components). All four procedures utilize the seat height and work surface height recommended by the computation algorithm as the starting workstation setting values.
Computed Results
For practicality and convenience, ErgoNBC summarizes the recommended settings for the NBC, workstation components, and required accessories. It also shows a graphic image of the suggested work posture. The recommendations are:
1. NBC settings (tilt angle of NBC base, screen angle, and distance between the body and NBC)
Workstation settings (seat height and work surface height)
Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) 3. Accessories (NBC base support, seat cushion, and footrest) and their settings
ILLUSTRATION OF ErgoNBC
ErgoNBC is developed using Microsoft Excel 2010 (32-bit) on a personal computer with Microsoft Windows 7 Operating System. Additionally, the user needs to enable a "Macro" option before running the program. ErgoNBC is written in two languages, Thai and English.
On the Welcome screen, the user can choose a preferred language by clicking at one of the language buttons at the bottom and on the right hand side of the screen. Figure 2 In addition to the Welcome screen, ErgoNBC has two other screens, an "Input" screen for entering the input data and a "Results" screen for displaying the computed results (see Figure   3 ). The Input screen is divided into three sections: (1) User (for the user and NBC data), (2) Table (for the work surface data), and (3) Chair (for the chair seat data). For the NBC data, the user can select one of the five common NBC sizes, namely, 11", 12", 13", 14", and 15".
If the height of workstation component is fixed, only the actual (fixed) height has to be entered. However, if the height is adjustable, the program will ask for the minimum and maximum levels. Note that all heights (i.e., body height, work surface height, and seat height) must be in centimeter. The user can choose to proceed with the computation by clicking at the Calculate button, or to exit the program by clicking at the Exit button. Both action buttons are at the bottom of the screen.
Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) On the Results screen, a summary of input data is provided on the top part of the screen.
Then, the recommended adjustment settings for the NBC, workstation components, and accessories are displayed. All recommendations are rounded to the nearest integer for ease of implementation. A graphic image of an NBC user sitting at a workstation is presented along with the recommended settings to enhance the understanding. To obtain a hard copy of the results, the user can click at the Print button and the numerical results seen on the Results screen will be printed. To return to the Input screen either to modify the existing data or to enter a new set of data, the user can click at the Back button. Also, the user can choose to exit the program by clicking at the Exit button.
EXAMPLE
In this example, it is assumed that the NBC user is Thai male whose body height is 180 cm and is using a 15" NBC. His workstation is a fully adjustable workstation. The adjustment ranges of the work surface height and chair seat height are 67-79 cm and 40-52 cm,
respectively. An NBC base support (with its thickness of 4 cm) is also used for adjusting the tilt angle. Figure 4 shows the Input and Results screens of this example.
In Figure 4 (a), readers can see that when the adjustable option is selected for the workstation component, ErgoNBC asks for the minimum and maximum levels of the workstation component height. The 4-cm thickness of NBC base support must be added to both the minimum and maximum levels of work surface height. Thus, the correct minimum and maximum levels are 71 and 83 cm, respectively. Furthermore, it is not necessary to enter the current height of the workstation component since this data will not be used in the computation. In Figure 4 (b), when the workstation component is adjustable, the minimum and maximum levels of its adjustable height are displayed, but not the actual height. Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) This tall NBC user needs to set the NBC base tilt angle at 17°, the screen angle at 115°, and the distance between his body and NBC at 36 cm. According to the recommended (ideal) workstation settings, he needs to set the work surface height at 89 cm and the chair seat height at 50 cm. Readers can see that the seat height of 50 cm is within the adjustment range of the given chair seat. Thus, the final seat height is set at 50 cm. As for the work surface height, the recommended level of 89 cm is beyond the maximum level of 83 cm. Specifically, the difference is 89-83 = 6 cm. As a result, ErgoNBC recommends that a 6-cm NBC base support be used to raise the NBC to the recommended work surface level. This is in agreement with the recommended setting of the NBC base support displayed on the Results screen. As for the seat cushion and footrest, this tall NBC user would need none of them.
Readers are reminded that since the NBC base support has a thickness of 4 cm, the total height of NBC base support is 4 + 6 = 10 cm, inclusive of its thickness.
It should be noted that the graphic image presented on the Results screen is intended only to represent the NBC user. It does not reflect the correct gender of the NBC user.
CONCLUSION
ErgoNBC is a spreadsheet-based computer program which is intended to provide adjustment recommendations for the NBC, workstation components, and some accessories.
When the NBC and workstation are set according to the recommended adjustments, the NBC user is able to work with the computer with correct work posture. ErgoNBC is designed to be a user-friendly program. Its Input screen is designed for simplicity and convenience.
The user needs to enter only the body height, gender, NBC size, and heights of workstation components. A built-in computation algorithm is employed to firstly compute the Proceedings of the 4th International Conference on Engineering, Project, and Production Management (EPPM 2013) recommended settings of NBC and workstation components. Then, an appropriate adjustment procedure is used to recommend possible adjustments for chair seat and work surface heights. If necessary, some accessories and their settings are also recommended.
The Results screen displays the input data and all recommendations in an easy-to-understand format. Additionally, the user can choose to print out the displayed information for his/her record.
Since ErgoNBC is developed using Microsoft Excel 2010 (32-bit), it can be easily modified if necessary. For example, at present, the user's relevant body part dimensions are estimated from his/her body height based on the regression models developed from the anthropometric data of Thai population. If the regression models are substituted by those based on another population, the recommended results can then be applied to NBC users belonging to that population. ErgoNBC is applicable to any NBC workstation consisting of a chair and a table. The workstation can be either non-adjustable (or fixed), partially adjustable, or fully adjustable.
